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The invention relates to a method of irradiating a layer according to the 
introductory portion of claim 1 and to a device for irradiating a layer according to the 
introductory portion of claim 9. 

Such a method and such a device are iaiown from WO-A-02/1 3 1 94, 
According to this publication, the described method and device are used for the 
manufacturing of an optically scannable infomiation carrier. In such a process, first a master 
mold is manufactured, and then, by means of the master mold or by means of a daughter 
mold manufactured by means of the master mold, the infonnation carrier is manufactured by 
means of a replica process. For manufacturing the master mold, a modulated radiation beam 
which is directed and focussed to a scamiing spot on a photosensitive layer carried by a 
substrate by means of an optical lens system and the substrate and the lens system are moved 
relatively to each other. An interspace between the photosensitive layer and a nearest surface 
of a lens system facing the photosensitive layer is maintained filled up with a liquid. 

For moving the substrate relative to the lens system a table cairying the 
substrate can be rotated about an axis of rotation. By means of a displacement device, the 
lens system can be displaced with a radial directional component with respect to the axis of 
rotation of the table. A liquid supply means supplies the liquid into the interspace between 
the photosensitive layer and a nearest optical surface of the lens system. 

A problem of this known method and device is that the immersion of the 
successive portions of the layer to be in-adiated is quite easily disrupted, for instance because 
the liquid is entrained away from the area of the interspace through which the radiation 
directed to the radiation spot passes when the layer and the lens move too quickly relative to 
each other. The immersion can also be disrupted due to important changes in the direction of 
movemem of the lens and the layer relative to each other. The stability of the liquid film 
between the layer to be irradiated and the nearest optical surface of the lens or lenses can be 
.mproved by making the distance between the layer to be irradiated and the nearest optical 
surface of the lens or lenses very small. However, this emails that the device and in particular 
the lens nearest to the layer to be irradiated can easily be damaged in the evem of comact 
between the lens and the layer moving relative to each other. 
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Anofter method and device for directing 3 radiation beam to a spot on a 
photosens...ve .ayer are disclosed in ;P.A.,02553.9. In accordance with thi r; a 
Photosens^ve Uyer is app.ied to a d.sc-sHaped substrate made ^„ „ass ^211 tbe 
ubstr^te are rotated about an a., of rotation extending pen,cndicu4 to .be s 
5 he ,cns s^tem ts displaced, a. a comparative,, iow rate, in a radia, direction with r Tp l.To 
h ax o rotatton. so that the scanning spot oHhe radiation beam formed on the 
photose„s.t,ve layer follows a spiral-shaped trac. on the photosensitive layer The radiat.on 
y . tn thts l^own device a laser beam - is modulated such that a seHes of im 

des,red senes of mfomtafon elements on the information carter to be manufactured The 

iTsr:;r - — 'oL 

and a senes of depressions are fomted in the photosensitive layer Next a cn„, ,■ , u- 
— um,ayerissput.eredontothepho.osens.t.ve,ayer,^^^^^^ 
.bsequently pr^vtded with a comparatively thic. nic.el layer by means of an electro 

5 <'7;"---^-ic.el.ayer.husformedissubse,„ent,yremovedfromI^^^^^ 
above^ w.th a d.scshaped surface having a series of .ised portions corresponding to the 

~mold thus manufactured can suitablybe used in themanufacnrreofthe desire 

^nnat-on earners. however.ingenentUnuntberof copies, so-called daughter molds are 

I f ?T : ~ """" ^ ^--^ ---er mouts are u^dT 

^anufa ture the des.red information careers by means of a fitnher repl.ca process general 

a^..ec on moldmg process, in this m^er.,he required numberofmaste mold w^^^:^^^^ 
.nZ: ' ' ractunng an optically s'caU: 

nformat-on catner, such as a CD or DVD. having pit-shaped information elements b^ s 

::ir:o:i~ 

'he photosensitive layer and the lens of the lens 
ystem facmg the photosensitive layer is filled with water. Por this pun,ose. the Icnow 

ev_ provded with an ou.How opening, which is s.tuated near the axis of ..at oTof the 

^c. The wa,ersupp,.ed Via .heou.now opening is spread, under the i„nuenceofcen.Za. 
^.es.subs,...al.y,hroughoutthesurfaceof.hephotosensitive,ayer.soth.^ 

pace .s n„ed with water. Since water has a considerably larger optical re.ac.ive index 
.han a.r. .he prov.s.on of wa.er in the interspace leads .o a subs.an.ia, increase of an Ig 
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which me rays originating from ,he «dia,ion beam and the optical axis of the lens system 
mclude a. the location of the scanmng spot. As a result, the size of the spot formed by the 
rad.a..on beam on the photosensitive layer is reduced considerably, so that a much larger 
number of .radiated and non-i„adiated elements car, be formed on the photosensitive layer 
and the mformation earner to be manufactured has a higher information density. 

Another example of an application in which the gap between a lens and a 
surface to be itradia.ed is maintained filled with a liquid are optical imaging methods and 
apparatus, such as optical pn,jection lithography, in which the spot fom,ed by the radiation 
projected onto the surface forms an image or a partial image. Such a method and apparatus 
1 0 are descnbed in mtemalional patent application WO99/49504. 

A drawback of these methods and devices is that the liquid film formed in the 
mterspace is no, always reliably maintained fully and in homogenous condition during and 
after relative displacement of the lens and the surface parallel to the surface. As a result 
faults develop in the photosensitive layer. In addition, variations in the condition of the 'liquid 
5 film caused by relative movements of the lens and the surface result in varying forces being 
exerted on the lens system. Since the lens system is suspended with a limited ngidity the 
varying forces exerted by the liquid film cause undesirable vibrations of the lens system 
which disturb the precision with which the image is projected onto the surface. Furthermore 
a comparatively large quantity of liquid must be supplied to keep a liquid volume in place in 
the portion of the interspace through which the radiation passes. As a result, the known 
device must be provided with extensive measures to prevent undesirable contact between the 
liquid and other parts of the device. 


25 


30 


It is an object of this invention to reliably maintain the portion of the 
mterspace between the optical surface neai^st to the layer to be irradiated and that layer 
through wh.ch portion the radiation passes, filled with liquid throughout a larger range of 
relative velocities and directions of relative displacement of the optical element and the layer. 

It ,s another object of the invention to reduce the risk of damage due to 
unmtentional contact between the optical element and the layer to be iiradiated. 

According to the invention, these objects are achieved by providing a method 
accordmg to claim I . Also accordmg to the invention, a device according to claim 9 is 
provided for carrying out a method according to claim 1 . 
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By providing thai at least a portion of the liouid filk n 
surface ,o^,. „e po„.o„ o. «,e i„.e.pace Z jl ^ 2 ^ T 
*e spot. *e in.e^ace «^„g. .h.c. .aJon i^ItllT T"" 
filled up wi* Wquid w.th .^proved stability FunheZ! ^ 
5 vo..e Between ..e a. ,ea.. one op,.ca, eiel: ; TJ:;::: 

n.a.nta,n., a ,a.e. distance between t.e neate. opti::;:::rd Te ™^ 
.^^.at^...t..eH...in.e„..cna,co^ 

is no. oni. advantageous in t.e ^anu.ct"' .^^^^^^^^^^^ 
^oMs .he.ro. but aiso in o.e. app,ica.ions, sue. as optic^ ^ CIT,:: " 
P^.W in instance waTe. stepper and wa.e. sc Jet. C p ""^ ^ 

Other objects, features and effects as well as detail, nf ,h- ■ 
.on, .he detailed descHp.ion of aptefe^ed .nn or.He inl.:; ~ 


30 


-.a.ion.oas::::::^"""^"""^"'^'''^""^-'-'^-^-'- 

Rg. 2 is a schematic, cross-sectional view of a di^t^i .r.A 
exantpie of an op.,ca, systen, for a device as shown in fT^ o^ 
directed .d era ,i,uid now .aintatned in opeX^' ' 

F.g. 3 is a schematic, bottom view along the line IIMII i„ Fig. 2 
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'''^•^'^^^'^*^^^»*^-~ectional view ofa distal end portion of a seco^^ 
«ano 

IS directed and of a I.quid flow maintained in operation; 

Fig. 5 is a sciiematic, bottom view along the line V-V in Fig 4- 
example of a. ^ !^ ' ^ <^-ta, end portion of a third 

rZtedrdin^ 

IS directed and of a liquid flow mamtamed in operation; 

Fie. 7 is a schematic, bottom view along the line Vll-Vn in Fig 2- 

of a o f , I ' ^"^ - f-«h example 

of a optical system for a device as shown in Fig. I ; and 
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or 3 DVD a d- . T u """'^"'^ - CD 

on on or„s nvo s.des .s i.adia.ed by ..a„s Of a ™odu,a.ed .aia,ion b^^^ 
a DUV la.. bean, with a wavelength of app^xintate.y 260 nn,. To ..adiate the 
pho.osens,„ve .ayer 5. use is n,ade of an example 25 of a device in accordance with the 
.v»t.on Which device is described hereinafter with reference to P,s. ,-3. ^e radiation 
bean, 7 .s focused to a scanning spot . , on the photosensitive .ayer 5 by an optical sys.en, 
~ng.othepresentexantp.ea.enssys.en,,.„c.di„gap^ 

™ .nchtdes an ob.ect.ve .ens which is secured in a ,ens holder 57. The ,ens systen, 

syl :;: : " r - -'-^ « --^-^ of the l 

systen, 9 that ,s located nearest to the layer 5 when in operation. An interspace 53 is 
tZr,'""! 7"" ' ^'^^'■'^'^ ^"^ ■''^ °^ •■'^ '•'^ '--y-tn 9 

lenses, such as filters, shields, difiraction gratings or mirror.. 

The layer 5 and the len. system 9 are displaced with respect to each other so 
at the modu^ted rad.ation be^ 7 on the photosensitive layer 5 successively i„ad 1 
enes Of spaced apan irradiated portions of the layer 5 and does not irradiate portions of the 
.ayer 5 ,n-betwee„ the irradiated portions. The irradiated photosensitive layer 5 is 
subsequently developed by means of a develop.ng liquid, which dissolves the irradiated 
elements ,3 and leaves the non-itradiated elements 15 on the substrate 3. I. is also possible to 
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bo* cases, a senes of p.s or bu^ps, which co.espo„as .o the desired series of pi.-shap^' 
.^a..o„ e,e.e„. on .he i„fo™..o„ C3„.e. a„ fo^ed h, .e pho.osensi.iv .a^S The 
'''•;--''-'^3'er5.ssuhse<,.e„,,ycoveredw.haco«^^ 
5 n,c.e, h„s of a spuUenn, p.cess. S.bse,uen„y. U.s th.„ iaye. is covered wil 

co„ve>y .hick nicice. .ayer ,„ an Cec.o depos.ion process. In .he nic.e. .arwHich ' 

^;^^;2r'' " ^"^'^^'^ ^' '-^ "^"-^ - - --^^^^^^ 

IIT ' """" ^ "^"^"^ ~ '° ^-nne^ » .he 

nfo™a.,o„ca.er.ohe„cn.ed.i.e..he™as.er.oMco™^^^ 

Oft r ' ™- . 3 copy 

cmmas.er.o,d.s.sedas.he.o.dforin,ec.io„n,oM.„g,„s,eadof,h^ 
wh.chcopyof.he„as.er™o>disco™.on,yrefe„ed.oasdaugh,er.oid.whichis ' 

:r;rr^-^"^'^^--°'---~----ess.hi:his 
— ah„.~:crrr'^^Tr^"""^ 

substrate 3 Th= k . ■ Perpendicularly ,o the .able 27 and .he 

sub trate 3. The table can be dnven by .eans of a fi., elec,ron,o.or 3 , . The dev.ce 25 

^r^herco.pnsesarad,a.ion source 33.which. in the exan,p,e Shown, .salaserso.ce 
wh.ch .s secured .„ a fixed position .o a th»e 35 of the device 25. 1. .3 observed .ha. . an 

.etna..ve,he radiation ™ay also becb.ained.o. outside the device. Controlovehr 

^.aond.rec.edtothelayer5canbeach,evedin.anyways.fori„s.ancehycon.2,.he 

d,a..nsou.ce33 and/or by con.rollingashut.er or radiation d,ve„er(no.shown)r^.^:^^^^^ 
the radiation source 33 and the layer 5. oetween 

°P''"' ^>^'<=m 9 is secured onto a firs, .raveller 37, which can be 
sp aeed .d.a y (parallel .0 .he X-direcion in .he drawings, re,a.ive .0 1 e axis of roln 

y n,ean3 3^ displaceren 

™c.ure 39 .ncludes a second electromotor 41 by n,eans of which the firs. J|,erT7 1 be 

A n^itror 45 in line with an optical axis 49 of the lens sys.en, 9 is also secured 
.0 .he firs, .raveller 37. fn ope..io„. .he radiation bean, 7 .enera.ed by .he radiation Ze 
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33 follows a radiation beam path 47 extending parallel to the X^irection, and the radiation 
beam 7 is deflected by the mirror 45 in a direction parallel to the optical axis 49 of the lens 
system 9. The lens system 9 can be displaced in the direction of its optical axis 49 by means 
of a focus actuator 51, over comparatively small distances with respect to the first traveller 3, 
so that the radiation beam 7 can be focused on the photosensitive layer 5. The table 27 with 
the substrate 5 is rotated about the axis of rotation 29 at a comparatively high speed by means 
of the first motor 3 1 . and the lens system 9 is displaced parallel to the X-direction by means 
of the second motor 41 at a comparatively low speed, so that the scanning spot 1 1 where the 
radiation beam 7 hits the layer follows a spiral-shaped track over the photosensitive layer 5. 
leaving a trail of irradiated and non-irradiated elements extending in accordance with this 
spiral-shaped track. 

The device 25 can suitably be used to manufacture master molds having a 
comparatively high infonnation density, i.e. by means of the device 25, a comparatively large 
number of irradiated elements can be provided per unit area of the photosensitive layer 5. The 
attainable infonnation density increases as the scanning spot 1 1 is smaller. The size of the 
scanning spot 1 1 is determined by the wavelength of the radiation beam 7 and by the 
numerical aperture of the lens system 9. the numerical aperture depending upon the optical 
refractive index of the medium present between the. lens system 9 and the photosensitive 
layer 5. The scanning spot 1 1 is smaller as the refractive index of the medium present 
between the lens system 9 and the photosensitive layer 5 is larger. Liquids typically have a 
much larger optical refractive index than air and therefore the portion of the interspace 53 
between the lens system 9 and the photosensitive layer 5 through which the beam 7 extends is 
maintained filled with a liquid - according to this example water. In the present example, 
water is also particularly suitable because it is transparent to the DUV radiation beam 7 used 
and it does not attack the photosensitive layer 5. 

As shown in Fig. I, the device 25 according to the present example further 
includes a liquid removal structure 77, which is provided with a pick-up mouth 79. The pick- 
up mouth 79 is secured onto a second traveller 81 of the device 25, which can be displaced 
by means of a second displacement structure 83 of the device 25 in a radial direction with 
respect to the axis of rotation 29, according to the present example parallel to the X-direction, 
but another radial direction of displacement may be provided. For driving the displacement of 
(he second traveller 81 , (he second displacement device 83 comprises a third electromotor 85 
connected to the second traveller 81 for displacing the second traveller over a straight guide 
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85 The .h H """"" -"^-^ of *e third .o.„r 

5 <=°"'">"0"sly situated al substantially equal distances Rfrnm, I, • , """'^^^^ 
substrates Tn .v J* 'he axis of rotation 29 of the 

interspace 53. In operation, the pick-up mouth 79 is always at a dis,=,n., p ^ . • 

of rotation 29 which corresponds to the distance R a, whichT 
? *u lance K at which the lens system 9 is situatPH 

5 *eaxisofrotation29,boththesizeandthecanacilvorth. u ^ s""ated from 

conrpara.ive,ys.antoren,ovei,u..hatha:Z::e:;::: 

nhotose r T"" ' ' ""^ '"^ '^"^ ~ ^- -fstrate 3 with the 

fis ■ ^ ^ 92 in the surface of the waH 

surrace may also be concave or convex. 

has a port 69 that opens into the recess 92 
d. .,y a ,acent the ,e„s 59 ne.es. to the i.yer 5. ,n opera.ion. .he portion of the Is a 

3 1 rece 97V : " ^"'^ "^^ ^ interspace 

.he recess 92 and .hrough which .he radia.ion 7 irradia.es .he spo. „ . Via a mos. 
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downstream outflow opening, fo™ed by .he passage 90 in the wall 65 between the spot 1 1 
and the surface 63 of the lens 59, the h<,uid 9. ,s subsequently also fed to and fi.is up a 
port,on of the interspace 53 between the wali 65 and the layer 5. In the recess 92, the hquid 
9. ,s, a. least to an imponan, e.,en>, protected aga.ns, being entrained from the interspace 53 
5 Stnce. the hquid 91 is less susceptible ,o being entwined away from the portion of the 

mtet^pace 53 through which the radiation passes ,o the spot 1 1 , occurrence of the associated 
opncal distortion caused by the portion of the interspace 53 through which the radiation 
passes not being completely filled with liquid is thus counteracted. 

^°"»^'=^-*"'"°f»'-»"=-Pace 53 measured parallel to the optical axis of 
D the lenses 55, 59 - and thus the distance between the lens 59 and the layer 5 - can be 

telafvely large wiU,out causing the liquid to be entrained along with movement of the layer 5 
too easily. In turn, this reduces the risk of damage to the lens 59 nearest to the layer 5 
Moreover, the allowable tolerances on the tilt of the lens can be larger without increasing the 
risk of the lens 59 touching the layer 5. 

The recess 92 may be positioned and of such dimensions, so that only a 
portion of the radiation passes through the recess. However, for a panicularly effective 
protection of liquid 9. across the whole radiation beam, i, is prefe^ed that the recess 92 has a 
nm portion 93 closest to the layer 5, which extends a^und the radiation 7 irradiating the spot 
1 1. Accordingly, the portion of the interspace 53 in the recess 92 in which liquid 91 is 

Shielded from being entrained extends throughout the whole cross-section of the radiation 

beam 7. 

According to the present example, the recess 92 is bounded by the passage 90 
.n the wall 65 between the spot .1 and the lens 59 nearest to the spot 1 1 and by the surface 63 
of the lens 59. The surface 63 of the lens 59 nearest to the spot 1 1 is thereby shield by the 
wan 65. so that the risk of damage to the lens 59 is virtually eliminated. Moreover, since the 
wall 65 also shields the liquid 91 . the nearest lens 59 does not need to be positioned very near 
.0 the layer 5 to effectively keep the interspace 53 between the layer 5 and the nearest lens 59 
niled w„h hquid. THe distance between the wall 65 and the layer 5 can be selected to be quite 
small so tha, a very effective capillary effect can be achieved for keeping a liquid film in 
place ,n the portion of the interspace 53 in the periphery of the passage 90. because 
madvenen, contact between the wall 65 and the layer 5 has far less detrimemal effects than 
contact between an optical surface such as a lens surface and the layer 5. The wall 65 is 
preferably made of or covered with a relatively soft material, such as plastic material, so that 
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.here is little risk of damage in *e even, of inadvenen, comae, between U,e wall 65 and ,he 
layer 5. 

The oplimum working distance between the layer 5 and U,e wall 65 i e the 
portton of Ae lens assembly nearest to the layer 5, is determined by .wo factor.. On Ae one 
5 hand, the distance shot^Id be large enough to reta.n sufficient tolerance on the distance 
between the substrate 3 and a^angenten. of the lenses 55, 59 and the housing 61 On the 
other hand, this distance should not be too large because this would require a too large liquid 
flow to mainuin the inunersed condition of the portion of the .nterspace 53 ,hrough which 

*»^''-'--P— othespotll.Aprese„,lypreferredrangefor.hesn,a.les..hiclatessof 
.0 the .nterspace 53 is 3-1500 and more preferably 3-500 ,m if the liquid is water larger 
values for the smallest thickness of .he interspace can be panicular.y advantageous if .he 
l.qu.d has a larger viscosity than water. Also the width of fte outflow opening affects .he 
upper end of *e preferred range for the smallest thickness of the intet^ace, the smallest 
.h,ckness of the interspace being preferably smaller U,an (1 00 . 1/20 • W)^™ .n which W is 
15 the overall wid.h of the ou.flow opening measured in a plane parallel to the layer 5. 

Due .o the presence of a recess facing ,he layer 3. the distance between the 
ayer 3 and the nearest optical surface may be larger U,an approximately 10 Mm. for instance 
larger .han 15 ^m. 30 ,m or even ,00 pm. to increase *e insensi.ivity to .olenmces and .o 
firnher reduce the risk of cintact between the layer and an optical surface. 

In the device 25 according .o the presen. example, the liquid supply structure 
67 communicates with .he passage 90 for maintaining a liquid outflow via the passage 90 
S.nce the liquid 9. flows ou, towards .he layer 5 via .he passage 90 in the wall 65 between 
.he lens 59 and the layer 5 through which also U,e radiation 7 passes to the spot 1 1. the l.quid 
91 ts particularly effechvely guided through the interspace S3 through which the radiation 
passes to the spot 11. Moreover, since .he radiation 7 passes to Ute spot 1 1 through the 
outflow opening 90 through which the hquid 91 is directed, the radiat.on beam 7 extends 
.hrough the area through which the liquid 91 flows out. This results in a vety reliable full 
■mmersion of U.e portion of .he interspace 53 through which the radiation passes to the spot 
dunng movement parallel to ,he layer 5 of the lens 59 and the layer 5 relative to each other 
Yet another advantage of causing the liquid to flow ou. via an opening through which also ' 
the rad,a.,on for irradiating the spot is passed is that a relatively high pressure can be 
mamtained in the immersed area through which the radiation passes. This in tum reduces the 
nsk of bubble fonnation, whtch may for instance be caused by gasses dissolved in the liquid 
under mfluence of an increase of temperature. 
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r^«-codn.o„ofU,epo„.o„ofU,ei„.„space53«.^^^^ 

PC. U . ,.c,.a o„.now Via .he outflow opening 90 . p.f„ab<y such *a. a «,ui 
be^een .he wa„ 65 and 0,e ,aye. 5 is ™ai„..ned which include, a ,.,uid vole up ^1 
5 me po„.on of the ...pace 53 «.o„^ wh.ch .he .d.a.ion i„adia.es U,e .p„. : ^ 
safety n,a.g.n of n.uid up..ea™ (in a direction opposi.e .o the direction of Jative 

Of .He ia.er S . ,he area of the spot H) ,s fo^ed which ensure, that, variations in 
.he d, tance over wh.ch li.uid is urged in ups.rea. direction do no. cause a disruption ofl 

91fl°-ou,fron„hen,ostdow.s.rean, outflow 

ope„.ng 90 ovcracross.sec.ion larger .hanthCarges, cross section 94 oftheportionTfthe 
■n e. ,3 .hrough which .e rad.a.,on .rradia.es «.e spo. U.T.. a.so conl e o ^ 
rehable .mmers.on of the interspace 53 with the liquid 91. 

As can be seen in Figs. 2 and 3, the outflow opening 90 has a .ota. projected 

c^sssec..^ 

parallel to .he op.,ca,a.isof.he lens sys.e.,09,,hecen.e,s,oca.ed,ns,de the portionof 
.he .n.erspace53U.ough which the radia.ion7irradia.es the spotn.Accordi„g,;r 

;:z:;' t - ^ -'.l ,o .he 

P^on of he .nterspace 53 through which radiation passes to the spot 1 1 . Accordingly the 
d.rec..o„ of .oventen. of .he layer 5 and .he lens arrangement 9 relative to each o.h r ilt 
a«a Of .he . U ca. he vaHed suhs.an.ially wi.hou, d.s.p.in, complete ..mers-o 

por..onof.he,n,en^ace 53 .hrough Which the spotins radiated. Evcn.f,hed.rect.onof 
move^en. of .he layer 5 is varied substantially, .he .ace of l,u.d 95 wil, s.,„ cover the 

nt.re pon.on of the interspace 53 through which the spot is i.ad.a.ed. Nevertheless areas of 
wetting of the layer 5 is limited. 

According to the present exan,ple. .he portion of the interspace 53 through 

n,ng 90 to such an exten. that the trace 95 of liquid 9, fed fW,n, the outflow opening 90 
n» , he .nterspace 53 con,ple.ely i.^erses the pottion of .he interspace 53 through wh ch 

a^ow 52 (wh.ch ,nd,cates the direcion of .oven,en. of the layer 5 relative .o .he lens syL 
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to each other m opposite direction. 

bean, 7 T''^^""' """"'^ ^''"^ ^"^^^ ^ ' "-e radiation 

9. flowng ,„,o and out of the outflow opening 90 already inverses the portion of the 
interspace 53 through which the radiation 7 irradiates the spot 1 1, 

The more the direction of movement of the layer 5 and the lens system 9 
parallel .o the layer 5 in the area of the spot U can be changed without dis^pting the 
.mmers.o„ of the ponion 94 of the area 53 through which the radiation passes, the more the 
0 ev.ce .s su.table for applicat.ons in which the spot 1 1 needs to move over th surface f Je 

ayer m wdely varyng directions, such as in imaging processes in which the spot is a tJo 
dimensional .mage projected to the layer 5. In such applications, the advantage of a 

comparatively large refractive ,ndex between the lens system and the medium between the 

iens system and the i.adiated surface .s tha, the .mage can be projected with a higher 

. resolufon. which in turr. allows toher min.atunza.ion and/or an improved reliability 

An example of such applications ,s optical p^jecion lithography for the 
p.«ss.ngofwaf^ 

method for thrs purpose are schematically illustrated in Fig. 9. Wafer steppers and wafer 
scanners are commercially available. Accordingly, such methods and apparatus are not 
described .n great detail, but primarily to provide an understanding of liquid immersion as 
proposed ,n the present application in the context of such optica, imaging applications 

s. . „ . """"'"^ ' a wafer 

upport ,2 and aprojector ,3 having a lens assembly ,4 above the wafer support 12. ,„ Fig. 

^thwaf^r support ,2 carHes a wafer ,5 on which a plurality of areas ,a are intended to he 

— byabeamprojectingan image orpartialimageofamas. or re.,clel7masca»,er 
8 operatively com,ec,ed to the projector ,3. The support table is moveable in X and Y 

direction along spindles ,9.20 dHven by spindle dHves21.22. The sp.ndledrives21.22 and 
the scanner 1 8 are connected to a control unit 23. 

t e so-called wafer stepper mode, the projector projects a complete image of the rl e 
o. one Of .he areas 16 on the wafer 15. When the required exposure time has been reached, 

eight eam.ssw..chedofforobscuredand,hewaferl5ismovedby.hespi„dledrives 
21. 22 n... a next area 16 of .he wafer is in the required position in from of the lens 

assembly 14. Dependent on the relative positions of the exposed area and .he next area to be 
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exposed, this may involve relatively quick movement of the lens assembly 14 along the 
surface of the wafer in widely varying directions. The size of the irradiated spot on the 
surface of the wafer in which the image of the reticle is projected is typically about 20 x 20 
mm, but larger and smaller spots are conceivable. 

In particular when il is desired to manufacture larger semiconductor units, it is 
advantageous to project the image in the other mode, generally refeued to as the wafer 
scanner mode. In that mode, only a slit-shaped portion of the reticle is projected as a slit 
shaped spot having a length that is several (for instance four or more times) limes larger than 
its width in an area 16 of the surface of the wafer 15. A typical size for the spot is for instance 
about 30 X 5 mm). Then, the reticle 17 to be scanned is moved along scanning window while 
the wafer support 12 is synchronously moved relative to the lens assembly 14 under control 
of the control unit 23 with a velocity adapted so that only the projection spot, but not the 
scanned partial image portions of the reticle 17 that are projected on the wafer move relative 
to the wafer 15. Thus, the image of the reticle 17 is transferred to an area 16 of the wafer. The 
movement of the wafer 15 relative to the lens assembly 14 while a running window portion 
of the reticle is projected onto the wafer 15 is usually carried out slowly and usually each 
time in the same direction. After the complete image of a reticle 1 7 has been projected onto 
the wafer 15, the wafer 15 is generally moved much more quickly relative to the lens 
assembly 14 to bring a next area of the v/afer 1 5 where a next image of the or a reticle 1 7 is 
to be projected in front of the lens assembly 14. This movement is carried out in widely 
varying directions dependent on the relative positions of the exposed area 16 of the wafer 15 
and the next area 1 6 of the wafer 1 5 to be exposed. To be able to recommence radiating the 
surface of the wafer 15 after the displacernent of the wafer 15 relative to the lens 14 (i.e. also 
the lens or the lens and the wafer may be moved), it is advantageous if the liquid volume in 
the interspace between the lens 14 and the surface of the wafer 1 5 through which the 
radiation passes is immediately filled with liquid after completion of that movement, so that 
the space is reliably immersed before irradiation is recommenced. 

Also for optical lithography, water can be used, for instance if the radiation is 
light of a wavelength of 1 93 nm. However in some circumstances other liquids may be more 
suitable. 

Figs. 4 and 5 show a distal end portion of a second example 109 of a lens 
system for devices such as the devices shown in Figs. 1 and 9. The lens system 109 according 
to this example includes a housing 1 61 . a lens 159 nearest to the layer 5 on the substrate 3. 
According to this example, the recess 192 is bound by a concave portion of the surface 163 of 
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the lens 1 59 nearest to the spot 11 1 on the layer 5 to which the h . 
-ecte.. r.s ano.. to o.a. the H,.. J,., ^ I^^^^ 

w.hare..vel...,otrn.owpatte.throu,houtthep^^^^^^^ 
through Which radiation 1 07 pas.es to the spot U In particur/^^ ™ 
5 veJocitygrad.entsintheinterspacel53i.oht " , , ^ P^"-", of flow 

For supplying liquid 191 to the intersnace i si h ^ 
5 canal stnicture in a surface 1 54 facing the laver S Th . "'^^ 

parallel .c .he optica, axis of .h, ' ^ 

»is of .he js ™ r ^ — -> - op-i^ 

openin. .0 is loca.e. insi e .hjp" //irT"'''"''' ^^^^ -"°w 
radiation ,07 i^adia.es .he spot U trth • 

po.on..of.he,„.e.pac::;:::~;:— ^ 

d.rec.,on of n,ovemen. of the lens systen, 9 and the layer 5. relative to each 
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o*er and paralle, .o .he p,a„e of U,e ,ay„ 5. can be reversed wi.hou. disrupting .he m 
.—on or .e ponion , or.e interspace , 33 ..ou.H wMcH .e J.JSL 


^ :n oo^on w.U, U.e onflow opening 90 shown in P.gs. 2 and 3 is .ha., seen in a 
d-recnon paraile, .o *e optica, a.is of .he iens syste. ,09, i, inCudes ponions .ha. a^e 
spaced aho. .he portion , 9. of .he in.erspace , 53 .hrou.h wh.ch .he rLiafon ^aL lo. 

open.ng 190 nto the .n.erspace .53 co.ple.Cy .n^erses .he po„.on ,94 of the in.erspace 
10 ^-^-''■cH'Heradiationirradia.esthespo.nwH.e.in.hepositioncfthe^^^^ 

ay^r5and the ,enssys.e™ ,09 n,overe,a.ive.o each other in directions pan.,,e to. Cer 
50,a.™a, he pe^endic,,.ar.„ each other. The abilityto^eep the ponion ,94 ofthe 
.m^pace through which the radia.ion passes i™n,ersed duHng ™ove.ents of the layer 5 and 
*nens systen, ,09 re,a..ve to each other in directions pe,endicu,ar to each other is^f 
P^cuiar adv^ttage, because it a„ows to wn.e an ..age onto the ,ayer 5 whiie n,a.ing 
movements in X- and Y-directions. ^ 

TT,e houid ,9, is preferab,y supp,ied a, a pressure drop over the ,icuid 
between the cana, structure ,90 and *e environment that is just sufficient to .ceep po«.on of 

water fed to the surface is Icept to a minimum. 

onenin. , 90 ,^""7°"' ""^ *^ ' ^ -^i shaped outflow 

openmg ,90, the sma„es. ,h,ckness of .he in.erspace ,53 (in .his exampie .he d.s.ance 
between .he ,ayer 5 and the surface , 54 of the wa„ portion , may bl ,arger. w i t 

through wh.ch the radiation passes. 

The flow rate with which ,he liquid 19, is supplied is preferably as follows- if 
he . , ^ ^^^^^^ ^^^^^ ^^^^ ^^^^ ^ s. 

h s a smallest th.cleness H (measured perpendicular ,o the layer 5). the layer 5 and the at 

as^ne^^^^^^ 

V an outflow openmg ,90 having a diameter D measured in a p.ane para„e, to the ,ayer 5 
^ w rate .s preferably e,ua, to 0.5*..H.(O . .H).V, where . is a constant between ,' 
and ,0 and ^ IS a constant behveen 1 and 3. 

" -'-Wy ensured that a laminar flow with an essen.ia„y linear 

velocity proflle and preferably a Homogeneous Couet.e flow is present in the interspace , 53. 
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p™v.a d^., on .he s.de,63of.he,ens,59 nearest .o*e,aycr5. Asaresuu .He w2 
5 ofccusinge.orsandposi.io™nge.o.of.hc™aia.ionbea. :07 on! 

~s «,e .aye. 5 (i.e. in .e <,i.c.,„„ ,n w.cH .He .ea. 207 is disced), ClT 
d-freren.. rec.angular shape when seen ,„ axia, d.ec.ion of .he ,e„s sys.ejj Z 
ess^..a , recansu-a. shape is panicuia.,, advan.a,eous for rehah./in^e^ 
«cuu,gular area 294 of the imer^ace in.erseced by the radiation h . 
■3 --"^"-owpa..er.hron«ho..heintersec.::rrr^^^^ 
pan.cu,ar .f *e ™ove.en. Of *e ,ens sys.e™ 209 .d *e layer 5 re,a,ive to Ih .^^^^ 

d.rec.onpe,pend.culartooneof.hesidesof.herec.aneu,areana,s.™cn,re290 Sch 
ctrcu^stances typically occur in optical projecion lithography. 

0 „, ,o. • ' "'^ 292 is bounded by a 

0 .sa^e 295 .„ a wa„ 265 perpendicular .o U,e axis of .he lens systen, 9 and a surfa^f .He 
259 neares. .o .he spot 1 , and «,e surface of .He lens 259 nearest to the spo. , 1 also 
bounds . , „ ^^^^^^ ^^^^^ ^^^^^ 207 pass st he 

»mac, benveen the lens system 209 and .he layer 5 on the substrate 3. However according 

> -■"-P--hePassage295isnotanou..owopeningviawhich.i,uid:Zr 
The lens sys.en, 309 shown in Fig. 8 is provided wi.h nvo n,os, downstream 
outflow opentngs 390. 390' and .he ponton 394 of the interspace through which the r^ aln 
asses to the spot on .he layer to be irradia.ed is located centrally „,a.ive to the ou ; ! 
open,ngs so that the ponion 394 of .He interspace .Ht^ugh which .he radia.ion p Jes ilfully 
..tner^ed .n a liquid .race 395 dispensed front a «rst one of the outflow opening: ^ 
movement of the layer relative to the lens systen, 309 in the area of .He spot is i a flr 
d,rec„on .nd.ca.ed with an a.ow 352 and fi.l.y in^ersed in liquid trace 95' dispense 
.he other one of the outflow openings 390' if the ntoventen. of he .a Tr lale to .h 

s..en,309in.heareaof.hespo..s.„asecond.oppositeditec.ioni™:::r 
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3ST. U H is desired ,o ensu. i™„ersio„ during re.a.ive ™ve„,e„. of U,e lens sys.e. 309 
:l : T "'""'"^"""^ '"^'^ « 390 can .e proved 

rad,a„on .s passed, the pressure drop and «,e flow rate can .e increased to create wider .i.uid 
.aces an^ortheoutnowopenings can .eorad..eren.design.for.„stances^^^^ 

nl? r '"^ "-"''^ "^'"^ c^ss-sectiona, 

passage area of the outflow openings 390, 390' , s located inside the ponion 394 of the 

mterspace 353 through which the radiation passes to the spot U . 

A particular advanUge of having a plurality of outflow openings 

sto the spot on the .ayerto he .rradiated is. that dependent ofthe direction of „ove™^^ 
of . layer ar,d the lens syste. 309 relative to each other, liquid can he fed selectively Z 
outflow ^^^^ ^^^^^^^ y n. 


wo 2004/057589 

PCT/IB 2003/005344 

18 

CLAIMS: 


1. 


A method of iiradiating a layer incJuding: 


10 


directing and focussing a radiation beam to a spot on said layer by means of at 
least one optical element; 

causing relative movement of the layer relative to said at least one optical 
elenten. so that, successively, different portions of the layer are irradiated and an interspace 
between a surface of said at least one optica, element nearest to said layer is maintained- and 

mamtaimng at least a portion of said interspace through which said radiation 
.rra .ates said spot on said layer filled with a liquid. U,e liquid being supplied via a supply 
conduit; 

characterized in that at leas, a portion of said liquid fills up a recess through 
Which said radiation irradiates said spot. 

2. A method according to claim I. wherein the recess has a rim portion closes, to 
said layer extending around said radiation irradiating said spot. 

3. A method according to claim 1 or 2. wherein said recess is bounded by a 
passage in a wall between said layer and a surface of said a. leas, one optical element nearest 
to sa.d layer and by said at least one optical element nearest to said layer. 

20 4. A method according to claim 3, wherein a liquid outflow via said passage is 

maintained. * 

5. A method according to any one of the preceding claims, wherein a smallest 

thickness of said interspace is maintained of 3-1500 ^m. 


15 


25 


6- A method according to anyone of the preceding claims, wherein said recess 

■ncludes a concave portion of said surface of said at least one optical elemen, nearest to said 
layer. 
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7. 


A method according to any one of the preceding claims, wherein the liquid 
flows out from at least one outflow opening in the fonn of at least one canal open towards 
said layer, said canal distributing supplied liquid longitudinally along said canal and 
dispensing distributed liquid towartls said layer. 

S. A method a according to any one of the preceding claims, wherein said 

interspace between said layer and said surface of said at least one optical element nearest to 
said layer has a thickness H. the layer and the at least one optical element are moved relative 
to each other at a velocity V, the liquid is supphed via an outflow opening having a width W 
measured in a plane parallel to said layer and at a flow rale equal to 0.5*/3*H*(W + a*H)*V 
where oris a constant between I and 1 0 and ^ is a constant between 1 and 3. 

^' A device for directing radiation to a layer including: 

at least one optical element for focussing radiation originating from said 
radiation source to a spot on said layer; 

a displacement structure for causing relative movement of the layer relative to 
said at least one optical element so that, successively, differem portions of the layer are 
iiradiated and an interspace between said layer and a surface of said at least one optical 
element nearest to said spot is maintained; and 

an outflow opening for supplying liquid to at least a portion of said interspace 
through which, in operation, said radiation irradiates said spot on said layer; 

characterized by a recess in a surface facing said spot, an internal surface of 
said recess bounding at least said portion of said interspace through which said radiation 
irradiates said spot. 

1 0. A device according to claim 9. wherein said recess has a rim portion closest to 

sa,d layer extending around said portion of said interspace through which, in operation, said 
radiation irradiates said spot. 

n . A device according to claim 1 0 or 1 1 . wherein said recess is bounded by a 

passage in a wall between said spot and a surface of said at least one optical element nearest 
to said spot and by said surface of said at least one optical element nearest to said spot. 
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12. 


^ '^'=°'-*"8'°-'-""l.fimher including a liquid supply .m.cn.e 
co_ca..„gw.,h said passage for ™ainui„i„galiquid outflow Via said plLge. 


■ A device according ,o any one of fte claims 9-12. a™,ged for maintaining a 

tallest U^cknessofsaid interspace of 3-1500 nn,. ^ 

>4. A device according to any one of the claims 9-13. wherein said recess includes 

aconcaveport-onofsaidsurfaceof said a. leas, one opticai element nearest to said spot 

IL A device according to any one of the claims 9-14. wherein the a. least one 

outflow ope^ng .s fo™ed by a. lea. one cana, open towards said layer, for dis.ribu.mg 
supphed h,u.d longi^dinally along said canal and d.spensing d.s.ribu.ed liqu.d toward! said 
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FIG. 5 
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FIG. 9 
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